ABSTRACT： MicroRNAs (miRNAs) play an important role in regulating gene expression and are 10 involved in developmental processes in animals, plants and fungi. To understand the role of 11 miRNAs in a biological system, it is important to optimise the extraction procedures to obtain high 12 quality and quantity nucleic acid that enable high throughput sequencing and expression analysis. 
Introduction

26
Small RNA (sRNA) molecules have been increasingly recognised as significant factors 
32
Errors during sample handling (such as accidental contamination during the extraction process) and 33 poor storage conditions can compound RNA quality-loss [4, 5] . As total RNA and miRNA are 34 extracted in the same way, degraded total RNA will mean low miRNA concentration in a sample [6, 
37
Extraction of miRNAs from samples can be technically challenging because of their small size
38
and their attachment to cellular lipids and proteins [9] [10] [11] . Earlier studies on relatively low complex 39 samples (e.g. single cell lines) have identified differences in quantity and quality of miRNA 40 extracted with different commercial kits, with some highlighting the need for protocol optimisation 41 [12, 13] . The success of commercial miRNA extraction kits on more complex systems consisting of a 42 range of tissue types and/or multiple organisms are not well described, particularly comparing 43 between treatments where samples change and deteriorate over time, e.g. host-pathogen interactions. In order to obtain miRNA from fungal pathogen, both the host tissue and fungal cells 45 need to be homogenised and disrupted to release the nucleic acids.
46
Metarhizium brunneum ARSEF 4556 (previous name M. anisopliae) is a broad host range entomopathogenic fungus used as a biocontrol agent that undergoes morphogenic and 48 physiological change during the infection process [14, 15] . A reproducible extraction protocol is 49 required to investigate the potential regulation by miRNAs during pathogenesis. We tested three 50 commonly used miRNA extraction protocols using a complex mixed system of M. brunneum against 51 the insect host Galleria mellonella using both healthy and infected host tissue. G. mellonella is 52 increasingly used as a model system to test microbial pathogenesis [16] [17] [18] [19] . In this study, the 53 interaction of G. mellonella larvae with M. brunneum provides a general fungal pathogen system with 54 which to assess molecular protocols aimed at assessing fungi differentiating within living tissues.
55
The three protocols tested were PureLink™ miRNA Isolation Kit (Invitrogen),
56
mirVana™miRNA Isolation Kit (Ambion) and microRNA purification Kit (Norgen). To the best our 57 knowledge these kits have not been previously compared, and not for complex samples. We report 
61
provided the greatest miRNA yield and quality from our samples.
62
METHODS
63
Fungal culture 
78
MicroRNA and RNA Extraction 79
Invitrogen PureLink™ miRNA Isolation Kit, Ambion mirVana™miRNA Isolation Kit and
80
Norgen microRNA kits were used to isolate miRNA and total RNA from G. mellonella larvae 72 hr 81 post-infection with M. brunneum, uninfected G. melonella larvae and M. brunneum SDA-grown 82 conidia (see Table 1 for kit overviews). Samples were prepared following manufacturer's guidelines.
83
Tissue, 100 mg, was used for Invitrogen PureLink™ miRNA Isolation and Ambion
84
mirVana™miRNA Isolation kits (the whole G. mellonella larvae were used for both kits) and 50 mg (Table 2) .
110
Similar results were obtained from uninfected G. mellonella and M. brunneum pure culture (Figure 1) .
111
In addition, the 260:280 and 260/230 absorbance ratios obtained using the Nanodrop showed that 
138
Norgen kits appeared similar to one another with regards to the integrity of the miRNA obtained, 
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